We present an evaluation of various kinds of feedback in SQL-Tutor. Our 
Introduction
We have developed SQL-Tutor, an Intelligent Tutoring System (ITS) that teaches the SQL database language to university students. The system consists of an interface, a pedagogical module, and a student modeller. The domain knowledge is represented as a set of more than 500 constraints. At the beginning of a session, SQL-Tutor selects a problem for the student to work on. When the student enters a solution, the student modeller identifies any mistakes and updates the student model appropriately. On the basis of the student model, the pedagogical module generates feedback. The reader is referred to [ 1-31 and the system's Web page for details of the system (httD://www.cosc.cantcrbury.ac.nz/-tani~sql-tiit.htin).
The system offers several levels of feedback to its students. In this paper, we present an evaluation study, the goal of which was to determine the effectiveness of various kinds of feedback. The next section describes the feedback the system presents to its students. We present our hypothesis and the evaluation study in section 3. The results of the study are given in section 4, while the final section concludes the paper and discusses future work.
Feedback types
The level of feedback determines how much information is provided to the student. There are six levels of feedback in SQL-Tutor: positivehegative feedback, error flag, hint, all errors, partial solution and complete solution. At the lowest level (positivehegative feedback), the message 0-7695-0653-4/00 $10.00 0 2000 IEEE simply informs the student whether the solution is correct or not and, in the latter case, how many errors there are. An error Jag message informs the student about the clause in which the error occurred. A hint-type message gives more information about the type of error, by specifying the general principle that has been violated. A message of type all errors presents the hint messages for all errors the student has made. Partial solution feedback displays the correct content of the clause in question, while the complete solution simply displays the prespecified ideal solution of the current problem.
The level of feedback is adjusted in the following way. When a student starts working on a new problem, he/she receives only feedback of the positivehegative type. If the student goes through several unsuccessful solution attempts, the feedback is upgraded to the hint level. The system never volunteers more than a hint, but the student can ask for partial and complete solutions.
Evaluation study
The described mechanism of selecting feedback is overly simple, and is not adaptive. As an initial step towards developing an adaptive mechanism for select feedback types, we performed an evaluation of effectiveness of various types of feedback available to students. Our initial hypothesis was that the constraint-level feedback (called hint or all-errors in the context of SQL-Tutor) would be most effective (that is, best support students' learning). We hypothesized that positivehegative and error-Jag feedback would be too general to be informative for students, and that partial-solution and complete-solution feedback would be contra-productive in many cases. Although the student might directly copy latter types of feedback, which maps onto correct solutions in the next submission, we thought that such feedback would not help students to correct misconceptions in the long term.
The evaluation study was carried out in the Computer Science department at the University of Canterbury, on May 4 and 5, 1999, with senior students taking a database course. The students used SQL-Tutor in a single, twohour session, and were randomly allocated to one of three groups. The limited group received positive/negative and error flag feedback only. The students in the general group received messages of type hint and all-errors, while the detailed group received partial and complete solutions. All student actions were recorded. Three statistics about the students' leaming are presented in Table 1 . The detailed group solved most problems on average; however, this is due to the fact that the solutions were given to students in this group. More importantly, the general group needed only 2.16 attempts per problem. Also, the amount of time per attempt is shortest for the general group, which is in favour of our hypothesis. This suggests that the "good" feedback, was easier to absorb, and so the time required to understand the feedback and make the necessary changes is substantially reduced. Table 1 . Statistics for the three groups
Next, we focused on the effect of feedback received on a violated constraint on the next attempvproblem for which the same constraint is relevant, the result of which is Table 2 . If a particular type of feedback is better than another, we expect to see an increase in the probability that the constraint is used correctly the next time. The Const column gives the total number of constraints which were violated and on which feedback of certain type was given. Succ is the number of successful applications of the same constraint in the next attempt, while Fail specifies the number of times the same constraint was violated following the feedback. The most frequent type of feedback was positivehegative (a total of 890 messages), while full solution was only given on 22 occasions.
Learn gives the percentage of successful application of the constraint in the next attempt following the feedback. The highest value of Learn is obtained for partial solution; however, this does not mean that the students have leamt the constraint from such feedback. Instead, students typically retype the given solution and submit it. If we ignore partial solution, the next best feedback type is all errors, followed closely by error flag and hint. However, these three types of feedback were offered in vary different proportions, with 224 error flag messages, 153 messages of the all errors type, and only 76 hint messages. Only 27% of the solutions made in the attempt following the full solution are correct, and therefore this type if feedback is contra-productive.
The last column (Corr) gives the percentage of correct applications of the constraint following the feedback in Detailed General Limited ' 'ail I Learn Table 2 . The effect of feedback on sessions any future problem. Partial solution again has the highest percentage here, but it has only been offered 32 times, which is much less than the number of messages generated for other types of feedback.
We have performed an analysis on the level of individual attempts also, but are unable to report on it in detail here, due to space limitation. Briefly, we analysed the probability of violating a constraint each time that it was relevant, for different types of feedback obtained on the constraint on previous occasions. The initial learning rate is highest for all errors (0.44) and errorflag (0.40) messages, closely followed by positive/negative (0.29) and hint (0.26). The learning rates for partial (0.15) and full solution (0.13) are low. This confirms our hypothesis.
Conclusions
This paper presented a study of the effectiveness of various kinds of feedback available in the SQL-Tutor system. The level of details in feedback ranges from information about the correctness of the solution, information about the part of the solution that is incorrect, a hint, a list of hint messages for all errors, a partial solution to the complete solution of the problem. We looked at whether a particular level of feedback enables students to learn faster. The evidence gathered prefers feedback that presents information about the general domain principles that are violated by student's solution (e.g., hint and all errors). The same feedback levels give the shortest time per attempt and the fewest attempts per solved problem. When analysing the individual attempts, these two feedback levels also give the highest rate of learning. We plan to extend SQL-Tutor with an adaptive mechanism that will monitor the student during interaction, and adapt the level of feedback automatically, based on the observations of the study presented here.
